In vivo mitochondrial inhibition alters corticostriatal synaptic function and the modulatory effects of neurotrophins.
Experimental evidence has revealed the role of mitochondria in various aspects of neuronal physiology. Mitochondrial failure results in alterations that underlie the pathogeneses of many neurodegenerative disorders, such as Parkinson's disease, Alzheimer's disease, Huntington's disease (HD) and amyotrophic lateral sclerosis. The mitochondrial toxin 3-nitropropionic acid (3-NP) has been used to model failure; for example, systemic administration of 3-NP imitates the striatal degeneration that is exhibited in the postmortem tissue of patients afflicted with HD. We have demonstrated that low, sub-chronic doses of 3-NP are sufficient to initiate the damage to striatal neurons that is associated with changes in neurotrophin expression levels. However, the mechanisms underlying the alterations in neuronal activity and neurotransmission due to 3-NP-induced mitochondrial dysfunction remain to be elucidated. In this paper, we focus on how corticostriatal transmission and its modulation by neurotrophins are altered in vivo after 5 days of mitochondrial inhibition with 3-NP. Recordings of population spikes and a paired pulse (PP) stimulation protocol were used to document changes in corticostriatal synapses in 3-NP-treated brain slices. The corticostriatal synapses were modulated by neurotrophins but displayed differential amplitude increases in the presence of brain-derived neurotrophic factor (BDNF), neurotrophin-3 (NT-3), or neurotrophin-4/5 (NT-4/5) under control conditions. Neurotrophin-mediated synaptic modulation was decreased in slices from 3-NP-treated mice. The protein and mRNA levels of neurotrophins and their receptors were also modified in the 3-NP-treated tissue. Neuronal structural evaluation demonstrated that synaptic length and density were reduced in the 3-NP-treated mice, which partially explained the changes in the amplitudes of the synaptic field responses. Our results demonstrate that corticostriatal synapses are differentially modulated by neurotrophins and that this modulation is altered by mitochondrial failure. Mitochondrial dysfunction also affects neurotransmitter release in corticostriatal synapses, neurotrophin availability, dendritic arborization and the lengths of the striatal medium spiny neurons (MSNs).